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ABSTRACT
The purpose of this study was to evaluate the shoreline dynamics and environmental
change of the St. Catherines Island shoreline through the application of an updated shoreline
model (1859-2017). Efforts were completed to document and quantify the impacts to the
nearshore environments of the island from Hurricane Matthew (07-08 October 2016). This was
accomplished through the measurement of the Net Shoreline Movement (NSM) calculated along
the shoreface at 200-meter spacings via aerial imagery and ground-collected GPS data. The
Hurricane Matthew NSM data along with the short-term shoreline rates were used to calculate
the years of average change along the shoreline in response to the storm, indicating that the
storm represented an average of 3.7 years of erosion. A geospatial analysis of impacts conducted
along the shoreline revealed major habitat losses within the study area of 66.5 acres and the
limited accretion of 3.7 acres.
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INTRODUCTION

The impacts of hurricanes on coastal landforms can cause significant destruction.
However, this destruction also offers the opportunity to study their impressions left behind.
Hurricanes can cause damaging winds and appreciable storm surges resulting in significant
geospatial changes in the nearshore environments of these coastal areas. Impacts causing these
geospatial changes can be studied using existing historical shoreline data as a reference to posthurricane changes. Studying these changes permits the ability to delineate various landform
changes and conditions that occur on the island and allow for not only preparation of
conservation efforts but also providing insight for possible modification of shoreline dynamics
on geologically similar coasts.
Hurricane Matthew was a Category 2 storm that passed through the waters of Georgia on
07-08 October 2016. Matthew brought along destructive winds, and a strong storm surge of
greater than 8.5 feet above mean sea level. This resulted in significant geospatial changes in the
nearshore environments of St. Catherines Island. Hurricane Matthew offers the 1st opportunity
since Hurricane David in 1979 to study the effects of a Category 2 hurricane on the Georgia
Coast. Located approximately 32 kilometers (20 miles) south of Savannah, St. Catherines Island
is one of the twelve barrier islands found along the coast of Georgia (Figure 1). St Catherines
Island is an undeveloped privately owned island used primarily for research, education and
conservation efforts directed by the Edward John Noble Foundation. Edward Noble purchased
the island in 1943 where it was then transferred to the foundation bearing his name in 1968.
Shoreline modifications such as erosion and accretion due to massive storms like these
can be best understood when research can be done on an undisturbed coastal environment such
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as St. Catherines Island. This barrier island that lies within the central portion of the Georgia
Bight offers a natural setting with minimal modern anthropogenic modifications on a local scale,
and as a result provides a unique field laboratory for studying storms that have made landfall
along the Georgia Coast on non-hardened or non-improved shorelines. Shoreline dynamics and
modifications to the nearshore environments due to rising sea level and previous storms have
been documented by numerous researches working on this island (Meyer, et al., 2016; Meyer et
al, 2015; Potter, 2011; Rollins et al., 2011). These studies have established a baseline of
conditions that can be utilized in creating a geospatial analysis by quantitatively assessing the
recent impacts of Hurricane Matthew in both a virtual (GIS) and field setting.
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Figure 1: St. Catherines Island location map
St. Catherines Island is located approximately equidistant from the Savannah and Altamaha
Rivers, the major tributaries and sources of sediment to the Georgia Coast. Figure adapted from
Meyer, 2013
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.
Research Objective
The current study addresses the following research questions: 1) What were the impacts
of Hurricane Matthew on the shoreline and associated habitats?; 2) How many years of average
erosion or accretion to the shoreline of St. Catherines Island did Hurricane Matthew represent?;
and 3) What role did landforms play in changes to the shoreline and nearshore environments?
Using an updated shoreline model created by this research will be useful for not only in
helping fill an important research gap of newer rates and changes along the shoreline, but,
through comparison with previous shoreline dynamic models, it can help confirm and inform
shoreline rates over different time periods, and barrier island storm impacts generated by other
researchers. In order to evaluate the nature of these impacts and for a deeper assessment of the
damage induced by the hurricane, a focus was made on evaluating the landforms along the
shoreline. These landforms were also segregated into shoreline compartments in an effort to
minimize the local variances along the shoreline. This analysis allows us to correlate the land
gained or loss along the island associated with landforms to its subsequent habitat, building on
current investigations and ongoing habitat management and ecological conservation efforts. The
results of the current study also have direct implications for landform changes during human
occupation of St. Catherines Island as well as to other barrier islands in similar mesotidal settings
throughout the world. (Figure 2)
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Figure 2: Barrier Island systems worldwide
Figure adapted from Leatherman 1977
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STUDY AREA
St. Catherines Island is bounded by the Atlantic Ocean to the east, tidal marshes to the
west, Sapelo Sound to the south and St. Catherines Sound to the north (figure 3). The northern
and southern sounds are situated at the lower reaches of salt water estuaries lacking any
substantial fluvial input or discharge (Wadsworth, 1981). St. Catherines Island is primarily
reliant on the net longshore transport of sands from north to south along the Georgia Coast (Hails
and Hoyt, 1969; Clayton et al., 1992) with short term storage in tidal deltas (Meyer, 2013). These
deltaic landforms, such as the Savannah River and Altamaha River deltas are consequences of
net longshore transport and are characterized as chenier-like deltas with substantial southward
accretion (Alexander and Henry, 2007). Recent sea-level trends documented on the NOAA Sea
Levels Online site (NOAA, 2017) for the region indicate a current rate of sea level rise of 3.17
millimeters per year (mm/yr) for the time period of 1935-2015 at Fort Pulaski near Savannah,
Georgia and a rate of 2.55 mm/yr (1928-2015) at Mayport, Florida. An estimated sea level rise
rate of 3.01 mm/yr is interpolated from these values for the study area of St. Catherines Island.
This sea level rise rate combined with factors, including the starving of longshore transport of
sediment by damming of rivers to the north and dredging the Savannah River Channel across the
Savannah River Delta (U.S. Army Core of Engineers, or USACE, 1991, 1996) have accumulated
to make St. Catherine’s one of Georgia’s most erosional barrier islands (Griffen and Henry,
1984). The importance of this setting is that shoreline changes, succession of depositional
environments, and associated ecological effects observed on St. Catherines Island will be
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analogous on the entire barrier island suite of the southeastern coast as sea level continues to rise
under the modern transgression (Meyer, 2013).

Figure 3: St. Catherines Island Location Map

St. Catherines Island is separated from Ossabaw Island by St. Catherines Sound to the
north and from Sapelo Island by Sapelo Sound to the south. The great distance to an appreciable
sediment source, relatively high rate of sea level rise, and other anthropogenic factors have
accumulated to make St. Catherines Island Georgia’s most erosional Barrier Island. Figure
adapted from Meyer, 2013.
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St. Catherines Island can be partitioned into four physiographic areas (Bishop, 2011): 1)
the island core, 2) the northern ridges and swales area composed of Holocene accretional beach
ridges, 3) the marshes located west, east and south of the island core, and 4) the southeastern
ridges and swales composed of Holocene accretional beach ridges. The island core has its long
axis orientated north-northeast (N20E to N25E) and is roughly 8km long and 2 km wide, and is
situated between 3 and 9 meters above mean sea level MSL. The western region of the island
core has little relief. However, the eastern region escalates to over 9 m MSL with little to
moderate relief.
The northern beach ridges are linear in shape, and occur in three different orientations in
the north-central, northwestern, and northeastern portions of the island. The beach ridges in the
north-central portion of the island range up to 1,600 meters long with the long axis oriented
north-northwest (N55W to N65W) and are truncated on the western and northwestern portions
by the current shoreline. These beach ridges are elevated approximately 3.3 meters above the
high tide elevation with intervening swales ranging from 1.5 meters to 2.1 meters above the high
tide interval (Linsley, 1993). A linear (bearing north-south) set of dune ridges with elevations of
7.5 meters to 8 meters truncate the north-central beach ridges on the east and denote the
approximate location of the shoreline on the 1859 US Coast and Geodetic Survey Navigational
Chart (Meyer, 2013).
Chowns (2011) describes the southeastern beach ridges as being linear in shape,
extending to 5,000 meters in length with its long axis oriented north-northeast (N20E to
N25E), and are truncated on the eastern and southern portions by the Atlantic Ocean and Sapelo
Sound respectively. A study on topography by Meyer (2013) describe that the southeastern beach
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ridges are elevated at 3.3 meters above the high tide interval with intervening swales ranging
from 1.5 meters to 2.1 meters above the high tide interval. The ridges occur in a series of
packages with two distinct orientations that are generally oriented parallel to the modern
shoreline and parallel to Sapelo Sound. The modern marshes occupy the intertidal portions of
the eastern, western, and southern margins of the island (Figure 4). The low marsh zone lies
between neap high tide and mean high tide at approximately 0.6 meters to 1.1 meters above the
mean low tide line. The high marsh zone lies between mean high tide and spring high tide
elevations and usually occurs from 1.1 meters to 2.0 meters above the mean low tide interval.
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Figure 4: Topography and land cover of St. Catherines Island, GA
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BARRIER ISLAND SYSTEMS AND NEARSHORE DEPOSITIONAL
ENVIRONMENTS

The following sections provide a summary of the primary barrier island nearshore
depositional environments that exist on St. Catherines Island and are subject to modification by
significant storms. Oertel (1985) describes barrier islands as a littoral sand body defined by six
major geomorphic elements that are interactive in nature, and include a 1) mainland, 2)
backbarrier lagoon (or marsh), 3) inlet and associated inlet deltas, 4) barrier island, 5) barrier
platform, and 6) shoreface. The following sections provide descriptions of the depositional
components of barrier islands including the marsh and tidal creeks, estuaries and inlets, beach
and nearshore depositional environments, and the development of washover fans in relation to
storm erosion with a focus on the diagnostic physical sedimentary structures that occur within
each environment.

Marsh and Tidal Creek Depositional Environments
Intertidal salt marshes and associated drainages (tidal creeks) form a complex and
dynamic depositional system (Bakker, 2014). The facies associated with marsh and tidal creek
depositional systems are prominently characterized by fine grained sediments with variable
volumes of course grained sediments. This grain size variation is contingent on factors such as
distance to the shoreline and relative vicinity to high ground subjugated to surface water erosion
that may contribute coarser grained materials. Marsh sedimentation occurs primarily via surface
processes (Howard and Frey, 1985) where organic detritus and tidal flood deposition of fine
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Figure 5: Elements of the marsh and tidal creek depositional environments of St.
Catherines Island, GA
a) Low marsh environment with extensive meanders of tidal creeks, stream capture is
typically promoted by lateral meanders rather than headward erosion of streams, b) sandy facies
of pointbar (left) and muddy facies of cut bank (right) of Fish Creek in Seaside Marsh, c) low
marsh and high marsh surfaces inundated with water at spring tide high level in Seaside Marsh,
d) muddy substrate of the low marsh environment near South End Plantation with tall marsh
grass (Spartina alterniflora) and marsh periwinkle snails (Littorina irrorata), e) “clumping”
habit of Crassostrea virginica in creek meander adjacent to the island core, and f) low marsh to
high marsh transition in Former Holocene beach ridge swales near Cracker Tom Causeway.
Photography and Figure adapted from Meyer, 2013.
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grained sediments accumulate in the form of peat. Scour depth of these tidal systems are
dependent on the size and discharge of tidal creeks or rivers, which define the maximum extent
of these modern marsh systems. The smaller creeks and rivers (<50 m width) of St. Catherines
Island produce landforms typical of meandering streams including meanders, levees, meander
cutoffs, oxbows, point bars, cut banks, and lateral stream capture of other tidal creeks (Figure 5).
Tidal forces are the primary component dominating flow within these intertidal streams.
Oertel (1975) describes these flows as an asymmetrical bimodal flow, with the retreating ebb tide
having a slightly higher discharge rate. Associated point bars migrate in the direction of the
current tidal direction. As a result of bimodal flow in the tidal systems, cut banks receive erosion
on the upstream and downstream portions of the features developing a double cut bank. Letzch
and Frey (1980) estimated the lateral migration of these tidal creeks at 1-2 m per year. These
erosional and sedimentation processes combine to create a dynamic system continuously
reworking marsh sediments resulting in a myriad of facies and associated ranges of absolute
dates (Meyer 2013).
The elevations of the marsh system as a result of its tidal reach are best used when
describing its depositional environments. The low marsh zone is characterized as a flat- lying
area covered by marsh grass that is the highest elevated environment directly affected by tidal
flux. This zone lies between neap high tide and mean high tide at an elevation between 0.6 – 1.1
meters above Mean Low Tide (MLT). The high arsh interval from 1.1 – 2.0 m situated above the
Mean Highwater Mark (between mean tide and spring tide elevations) is primarily affected by
storm surges and washover events, where sediments are typically characterized by more coarse
grained materials than the lower marsh environment. High marsh environments are generally
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found near upland areas such as St. Catherines Island core, but may also occur near the back
beach environment on washover fans, and within dune ridge swales (Figure 5f) (Meyer 2013).
Erosion and surface water runoff of these proximal upland environments are what contribute the
coarse grained materials. High marsh facies are characterized with muddy sands and laminated
sands and muds (Meyer, 2013).
The longshore current along the Georgia Coast from the northeastern to southwestern
direction provide transport of sediments that are dependent for Georgia’s barrier islands and
associated marsh systems (Hails and Hoyt, 1969, Clayton et al., 1992). Sediments transported
from longshore current, inland and flood tidal interactions, and the outer shelf all act as
contributors to the clay sediments of these marsh systems (Meade, 1969, Pinet and Morgan,
1979). Clay/mud material contribution to these marsh environments is dependent on several
factors. Clay settlement within the estuary or a depositional basin near the mouth of the river
occurs as the river approaches base level and water velocity decreases. Clay settlement can also
be affected by flocculation, which occurs when clay comes in contact with highly ionic saline
waters producing a reduction in the surface charge of the clays allowing attraction and
subsequent aggregation and settlement of the suspended load (Pevear, 1988). Goldberg et al.
(1979) have estimated that sedimentation rates in marshes adjacent to the Savannah River
estuary were occurring at 1.0 cm/yr. Biogenic palletization from filter-feeding organisms such as
oysters and muscles are another primary source of volumetric contributions of muds to the marsh
environment (Frey and Basan, 1985; Smith and Frey, 1985; Pryor, 1975). Stability of marsh
muds can occur from biogenic palletization by fiddler crabs and mud snails, along with algal
mats that trap muds all prevent re-suspension within the marsh system (Frey and Basan, 1985).
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Estuaries and Inlets
Inlets are narrow water conduits that connect the open ocean and a barrier lagoons or
marshes. These inlets allow for the direct exchange of sediment and water from the lagoon the
shoreface of the barrier island System (Oertel, 1985). The inlet throat is the narrowest and
deepest region of the tidal inlet and is referred to as the tidal trough. The trough slopes upward in
both a seaward and landward direction over “ramps” to shallower waters (Oertel, 1973). In
barrier island systems, these features are designated as inlet lagoon and inlet-shoreface ramps
(Meyer, 2013). These ramps lead to shoals/or deltas with the landward or seaward side
shoal/delta being more predominant than the other. Sedimentation rates of the landward or
seaward shoals/deltas are dependent on if the tidal inlets inflow volume is greater than the
outflow volume or vice versa. When the onshore flow through the tidal inlet is larger than the
seaward flow volume, “flood-tidal delta” sedimentation tends to occur on the landward side of
the barrier island and associated inlet (Hayes, 1975). In contrast, ebb-tidal deltas are formed on
the seaward side of the inlet. Inlets and sounds are most commonly found in mesotidal settings
such as the Georgia Bight and are often characterized with well-developed ebb-tidal deltas
(Meyer, 2013). Inlet ramps have distinct sedimentary structures and sediments associated with
the transition from shoreface sands to muddy lagoonal or marsh sediments (Kumar et al., 1974).
St. Catherines Island has two sounds located directly to the north and south of the island.
The sound to the north of St Catherines Island and south of Ossabaw Island is called St.
Catherines Sound. The sound to the south of St. Catherines Island and north of Sapelo Island is
called Sapelo Sound. Box cores collected by Howard and Frey (1985) show major distinctions in
the sedimentary facies associated with the two sounds. The St. Catherines Sound sediments are
characterized with primarily bioturbated muddy fine sand with gravel in the upper reaches, and
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coarse, graded, planar and trough-crossbedded sand near Pleistocene aged sediment sources
(Howard and Frey, 1985). A well-developed ebb-delta system exists on St. Catherine’s Sound
that includes St. Catherines Shoal (aka St. Catherines Bar) and a well-developed marginal shoal
that extends onto the northern shores of the island. This marginal shoal is characterized by
muddy sands and exhibiting many of ebb-delta characteristics such as sand ripples, scour pools,
and Skolithos ichnofacies (Figure 6a, 6b, and 6c). Sapelo Sound is described as being more
coarse grained, with graded sands and trough-crossbedded sands and local gravel in the upper
reaches of the estuary, and bioturbated fine sand with shell materials in the lower reaches of the
estuary. Two additional tidal inlets are formed on the eastern portion of St. Catherines Island by
the discharges of Cracker Tom Creek (McQueen Inlet) and Fish Creek (Seaside Inlet). These
tidal creeks are located inside the eastern marsh system (Figure 6d). The McQueen and Seaside
Inlets have small ebb-deltas that serve as sediment banks only exposed during periods of low tide
(Figure 6 e& 6f).
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Figure 6: Elements of inlets and sounds associated with St. Catherines Island, GA
a) Location of St. Catherine’s Sound and St. Catherines Shoal that has developed as a
portion of the ebb delta complex, b) Oblique view of St. Catherines Sound, ebb delta, St.
Catherine’s Shoal and active accretional terrains, c) the marginal Shoal of the ebb delta forms a
muddy sand flat adjacent to St. Catherines Island with sand ripples, scour pools, and Skolithos
ichnofacies, d) Location of tidal inlets and associated ebb tidal deltas at Seaside Inlet (discharge
point of Fish Creek) and McQueen Inlet (discharge point of Cracker Tom Creek), e) oblique
view of Seaside Inlet ebb delta and relic marsh muds on North Beach, f) oblique view of
McQueen Inlet ebb delta and McQueen Dune Field. Map images in A and D are 2009 true color
imagery from USDANAIP, photographs and figure adapted from Meyer, 2013
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.
Beach and Nearshore Environments
The following sections describe the physical and biogenic sedimentary structures
associated with beach and nearshore depositional systems including, shoreface, foreshore
(forebeach), backshore (backbeach), and washover fan depositional environments.

Shoreface (Lower Forebeach) – Burrowed and Laminated Facies
The lower forebeach or shoreface area is characterized with a wide variety of welldeveloped sedimentary structures generated from the continuous effects of waves and currents
within the intertidal zone. These arrays of sedimentary structures include ripple laminations in
the lower or deeper sections with parallel laminae in the upper sections associated with the
transition to the foreshore environment (Meyer, 2013). Studies of the biogenic structures within
the shoreface by Say (1818) included numerous ophiomorpha nodsa mud-line burrows generated
by Callianassa major or the Carolina Ghost shrimp. These burrows are used as marine indicators
and due to typically not being detected above the mean water line (Meyer, 2013). The burrows
may extend to depths of 2 meters and are distinguished by having a small opening (0.4 cm)
fringed with fecal pellets at the surface.

Foreshore (Upper Forebeach) – Burrowed and Laminated Facies
Sedimentary structures in the upper forebeach are characterized with subparallel, laminae
dipping (<5) seaward, and laminae dipping (15 - 20) landward generated from developing
ridge and runnels and ripple laminae possibly existing in this facies due to runnels (Meyer,
2013). Identification of the transition boundary of this facies from foreshore to backshore created
during neap high tide intervals may be difficult due to the dynamic nature of this interval. A
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study of St. Catherines foreshore sedimentary environments by Meyer (2013) found that many
laminations on the area were faint due to a lower relative abundance of heavy mineral sands
(HMS) that provide bedding definition. The low abundance of these heavy mineral sands could
also be attributed to the post-depositional disturbance of bedding due to amphipod
cryptobioturbation (Figure 7e). Meyer (2013) observed heavy mineral occurrence in ripple marks
within runnels (Figure 7f) and attributed this phenomenon to small scale sorting of the
sediments.

Backshore (Backbeach) – Laminated and Bioturbated Facies
Howard and Scott (1983) defined the primary conditions used to differentiate the
bachshore or backbeach from foreshore/forebeach at Sapelo Island, Georgia are: 1) absence of
ridge and runnel structures, 2) higher concentrations of HMS and more distinct laminae, 3) more
variations in physical sedimentary structures, and 4) presence of ghost crab and insect burrows.
Examinations of backbeach deposits at St. Catherines Island by Meyer (2013) found extensive
deposits of HMS occurring in this depositional environment and attributed this phenomenon to
winnowing processes (Figure 7d). During this process, the relatively lighter quartz sands are
brought into suspension via swash and backwash and are subsequently transported away leaving
lag deposits of HMS establishing a beach placer (Figure 7c)
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Figure 7: Elements of supratidal and intertidal beach environments associated with St.
Catherines Island, GA
a) inactive washovers, dunes, backbeach and forebeach environments, b) the storm high
tide line is demarcated by vegetative debris or wrack, and corresponding spring tide high line,
and neap tide high line. The sand of the backbeach are saturated during spring tides and exhibit
higher albedo, c) heavy minerals in the backbeach occur as a placer where winnowing of less
dense quartz sands results in the concentration of heavy minerals, d) backbeach sands,
horizontal laminae or low angle (<2) seaward dipping laminae of quartz and heavy minerals, e)
forebeach sands with lower concentrations of heavy minerals and faint laminations due to
amphipod crypto bioturbation, and f) asymmetrical ripple marks in a beach runnel. Photographs
and figure adapted from Meyer, 2013.
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Washover Fans
Leatherman and Williams (1977) define washover fans as depositional units that are
generated from persistent swash over the top of the beach berm or dunes during a storm or high
energy event. During this high energy event sediment is carried over the beach berm landward of
a spit or barrier beach and deposited as the washover flow velocity decreases. Meyer (2013)
describes the final washover fan stratigraphy is determined by the combination of overwash
processes, physical and biogenic modification of the washover fan, and compaction. The source
of the sediment is what determines the composition of the washover fan deposits. However,
Kochel and Dolan (1986) describe the composition of washover deposits as being produced by
changing hydraulic regimes under storm and tidal conditions that result in alternating layers of
sands, heavy minerals, and shell fragments. The frequency of overwash events, degree of
bioturbation, and the rate of sea level change determine the washover facies of the sedimentary
units resulting from individual storm events significantly affect the preservation potential
(Meyer, 2013). A reworking of sediments is typical and compounds the challenges in the
identification of individual storm events and subunits.
Generally, washover fans are recognized as washover units superimposing backbarrier
facies such as marsh sediments (figure 8d and 8f) that are most commonly observed in
transgressive sequences (Deery and Howard, 1977). However, they may be formed during
marine regressions. Antecedent water levels contribute to the existence of the foreset bedding
structures on the distal portions of the fan as a result of the fan prograding into a bay or
indicating high tide conditions during deposition in a marsh (Meyer, 2013).
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Figure 8: Elements of eolian/dune and washover depositional environments associated
with St. Catherines Island, GA
a) aerial view of modern dune ridges prograding in the northeastern accretional terrains,
b) oblique view of dune ridges, accretion occurs in this area due to protection from erosion of
waves by St. Catherine’s Bar/Shoal, c) view to the SW across progressively older dune ridges
and location of a swale pond, a modern analog for Beach/Flag Ponds, d) aerial view of
washovers in Seaside Marsh with retreating shoreline exposing relic marsh muds, e) oblique
view of washover fans in Seaside Marsh, the washover fans occupy the low marsh environment
and as a result are inundated during spring tide high events and f) excavation in washover fan
demonstrates laminated quarts and HMS overlying the high marsh muddy sand facies. Map
images (2009 USDANAIP), photographs and figure adapted from Meyer, 2013
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.
An examination of washover deposits at St. Catherines Island by Meyer (2013) indicated
the deposits were noted with having appreciable amounts of HMS occurring due to the deposits
being attributed to proximal back beach and eolian quartz sources and HMS deposits. The
washover facies associated laminae are differentiated from the laminated backbeach and
forebeach sands by having laminae in the washover fans dipping (< 20) in a landward direction
versus lamiae in back beach and forebeach sand having relatively lower dip angles that are
dipping seaward. Meyer (2013) noted that the washover deposits at St. Catherines Island are
characterized as lobate in plan view and wedge-shaped in longitudinal cross section, and thin in a
landward direction with a long axis normal to the coast. The foresets existing on the distal
portion of the fans are described as having sets and cosets up to 50cm thick dipping up to 30
landward. During periods of storm activity, small (< 1 m) eolian dunes, wind ripples and
blowouts may form on the sparsely vegetated and unstable surfaces. Small-scale crossbedding
exists with ripple laminae that are generated in areas with low water velocity environments, and
trough cross bedding occurring in larger washover channels where water velocity is relatively
higher. Washovers represent episodic deposition associated with significant storms such as
hurricanes and nor’easters and prograde in a landward direction. Individual washover fans are
typically 50 to 150 meters in length (parallel to flow direction) and 50 to 100 meters in width
(parallel to shore). Washover fans examined by Meyer (2013) found that some of the individual
washover fans exhibited lobes superimposed on the greater fan morphology and had multiple
washovers merging to from nearly continuous aprons.
Due to washover fans being naturally formed from washover events behind the
backbeach environment they are typically formed in the low marsh or high marsh environments.
Specifically, washovers formed in the low marsh are susceptible to inundation during tidal cycles
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and vegetation of smooth cordgrass or other marsh grasses on the surface contributing to the
accumulation of peat materials and root mottling obscuring the primary physical sedimentary
structures.
The majority of washover fans typically form in a comparable manner resulting in shared
physical and biogenic sedimentary structures that may be grouped into active and passive phases
of activity (Deery and Howard, 1977). Active phase elements are created during the initial
washover process and result in elements dominated primarily by physical sedimentary structures
with relatively less biogenic structures and modifications (Howard and Frey, 1980). Subhorizontal stratification, consisting of parallel, gently dipping, laminated to thinly bedded (1-2
mm) quartz and heavy mineral sands are formed during maximum washover conditions. Ripple
laminations form small-scale crossbedding during low velocity flow regimes; foreset laminae
form at the distal edge of the washover fan and trough cross bedding forms in the washover
channels. Passive phase structures form during quiescent conditions, when wind and biologic
activity is prevalent (Meyer, 2013). Eolian dunes may form with crossbeds, and lamina angles up
to 30, at the backbeach to washover margin. Wind ripples, less than 5 cm high, with more
coarse grained materials in the crests, are also associated with blowouts (typically less than 10
cm deep) resulting from wind erosion. Climbing ripple laminations may exist on the distal
margins of the washover fan where thin veneers of loose sand are eroded and redeposited by
significant rainfall and surface water runoff.
Stratigraphic models depicting the generalized facies (Figure 9a and 9b) associated with
washover fans have been produced for supratidal, microtidal and mesotidal settings (Sedgewick
and Davis, 2003; Meyer 2013). Specifically, a distinction is made in this model for mesotidal
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Figure 9: Washover fan generalized facies stratigraphic models
(a) supratidal setting: planar-laminated sand with not tidal influence, (b) microtidal
setting: foreset laminae forming at distal/leading edge of washover fan indicating moderate tidal
influence, and (c) mesotidal setting: due to the variable tidal levels, the facies and relationships
are complicated versus the microtidal or supratidal setting. The tidal level influences the
location of the distal edge of the washover fan under this scenario where the lower tidal level
(H2O t1) at time t1 has influenced the location of foresets associated with t1 versus a higher tidal
stage (H2O t2) at time t2. Model (b) would also apply to the high marsh depositional environment
in a mesotidal setting. Models in (a) and (b) are adapted from Schwartz, 1975, and the
stratigraphic model for the mesotidal setting (c) have been adapted from Meyer, 2013.
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settings, where the distal limits of the washover are controlled by the elevation of the tide at the
time of deposition. For example, washover fans emplaced at lower tidal intervals in a mesotidal
setting will share some similar physical sedimentary structures with a microtidal washover fan.
However, microtidal washover fans emplaced during high tide stages are generally shorter with
respect to their long axis than mesotidal washover fans deposited under lower tidal stage
conditions.
An examination of a washover fan located along Seaside Spit (as seen in section 6.2.1)
using drive cores to indicate the depositional change as a result of Hurricane Matthew was
performed under the current study. Upon examination of the cores along with the comparison of
satellite imagery, it was determined that the surficial washover sediments deposited from
Hurricane Matthew were overlying a previous washover fan. It was hypothesized that the
underlying washover fan was generated by the Tropical Storm Beryl in 2012. St. Catherines
Island has been affected by many hurricanes in the past, but some have affected the shoreline of
St. Catherines Island significantly (Figure 10). Hurricane Irene in August 2011 headed north
through the Atlantic as a Category 2 hurricane, by the time it passed Georgia about 400 km away
during the 26th and 27th the hurricane became a Category 2 hurricane. Meteorological data from
North Carolina indicated winds of over 100 mph and storm surges of up to 7 ft. In 2012 on May
26th, Tropical Storm Beryl passed through the Atlantic heading towards Florida, where the
trajectory of the storm changed paths and made landfall in Georgia where it became a tropical
depression. Data collected at Fort Pulaski, Georgia indicated wind gusts of 55 mph generating
storm surges of 4.47 ft above mean sea level. Both of these storms affected the beaches of St.
Catherine Island causing immense erosion and forming washovers. More importantly, research
on endangered sea turtle nesting in Georgia indicated that Hurricane Irene washed out around 75
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nests and 14 nests were lost to washouts by Hurricane Beryl. Sea turtle nest losses should serve
as a proxy for the wave energy and associated erosional forces that are realized on land as due to
large storms. Hurricane Matthew was a Category 2 storm that passed through the waters of
Georgia on 07-08 October 2016. Matthew brought along destructive winds, and a strong storm
surge of greater than 8.5 feet above mean sea level. This storm affected the shorelines by causing
an immense amount of erosion affecting both the archeological preservation of this island, but
also the already deliberating habitat status of the island. Hurricane Matthew offers the 1st
opportunity since Hurricane David in 1979 to study the effects of a Category 2 hurricane on the
Georgia Coast and serves as the major theme of this research paper.

Figure 10: Hurricane Matthew and other historic storm tracts
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GEOLOGICAL SETTING

Regional Geological Setting
A regional study of the coastal stratigraphic units in the lower Coastal Plain of Georgia
by MacNeil (1950) found distinct terraces or paleoshorelines occurring between modern sea
level and approximately 29-30 meters above MSL; Wicomico, ~29-30 m; Penholoway, ~4.5m;
Talbot, ~12-14 m; Pamlico, ~8 m; Princess Anne, ~4.5m; and Silver Bluff, ~1.5 m. The
maximum elevation of Quaternary sea level in Georgia is considered to be the highest elevation
of coastal sediments attributed to the Wicomico Terrace or paleoshoreline position (Figure 11a
and 11c). MacNeil attributed the upper Okefenokee shorelines to the Yarmouth interglacial, the
Wicomico shoreline to the Sangamon interglacial, the Pamlico shoreline to the mid-Wisconsin
glacial retreat, and the Silver Bluff shoreline or the lowest paleoshoreline above modern sea level
to a post-Wisconsin retreat.
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Figure 11: Development of successive shorelines on the Georgia Coast
a) Successive shorelines, headlands, and intervening marshes; b) Silver Bluff Pleistocene
and Holocene Shorelines of Georgia forming the modern “Golden Isles”; and c) Cross-section
of Pleistocene sediment veneer of Georgia Coastal Plain (after Hails and Hoyt (1969); Hoyt and
Hails (1967); Figure adapted from Meyer, 2013.
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A study using subsurface drilling linked with surface deposit data indicated the
Pleistocene deposits were represented as a thin veneer of sediments (Hoyt and Hails, 1967; Hoyt,
Henry, and Weimer, 1968; and Hails and Hoyt, 1969). Fossil burrows of Callichirus major were
used as indicators for shoreline elevations (Say, 1818; Rodrigues, 1983). The veneer of
Pleistocene sediments and related barrier island deposits were interpreted as the direct result of
Pleistocene sea level oscillations during each interglacial episode generating a paleoshorline and
associated barrier island complex (Meyer 2013). Further research was completed by DePratter
and Howard (1977) to rectify complications of this interpretation resulting from the condition
that the shorelines related to glaciation were placed below modern sea level (Stapor and
Matthews, 1983; Gayes et al., 1992) by dating subtidal archaeological artifacts and vertebrate
fossils. A subaerial exposure of the coastal plain on the area occupied by the present continental
shelf occurred from (~60,000 – 24,000 B.P.) with subsequent, post- Last Glacial Maximum
(LGM) transgression. DePratter and Howard recovered a bone antler tool and a projectile point
that were typologically assigned to the early Middle Archaic period (~ 8000 B.P.), indicating that
the sea level recovered to shallow subtidal conditions relative to modern sea level by ~ 8000 BP.
An analysis by DePratter and Howard (1981) of ceramics, peats, and submerged stumps,
indicated that seal level reached -1.5 to -2 meters on the Georgia and South Carolina coasts by
4500 B.P. At approximately 3000 B.P., regression ultimately decreased sea level to -3m to -4 m
MSL or greater. A transgression followed, increasing sea level to near its current position by
2400 B.P.
Hails and Hoyt (1969), Hoyt and Hails (1967), Pickering et al., (1976), Linsley (1993),
Linsley et al., (2008), Bishop et al,. (2007), and Thomas et al. (2008) have noticed that the outer
or most recent sets of Georgia Barrier Islands typically consist of “doublets” with older
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Pleistocene sediments deposited adjacent to the younger Holocene (4000-5000 B.P.) sediments
or Holocene islands that are “docked” to the east (Figure 11b). An analysis of the Pleistocene
deposits of St. Catherines Island limited island cores and exposures by Linsley (1993) found
sediments to be of marine origin and showed that the sea level was roughly 2.0 meters above
modern mean sea level based on the occurrence of sedimentary structures and trace fossils. The
oldest known Holocene sediments of St. Catherines Island are forebeach deposits that date to
approximately 6020 B.P. overlying a peat layer that yields a date of 47,620 +/- 2500 B.P.,
indicating a pause of over 41,000 years due to the Last Glacial Maximum and the associated
marine regression (Booth et al., 1999).

Study Area Geological Setting
St. Catherines Island consists of three major geomorphic components: 1) The Pleistocene
Island Core, 2) Holocene Accretional Terrains, and 3) Holocene Marshes (Meyer, 2013) (Figure
12). The island core (previously assigned to the Silver Bluff Shoreline Complex) occupying the
western region of the island is characterized by a comparatively high topographic feature with
slight relief (Hails and Hoyt, 1969). The Holocene Accretional Terrains occupying the northern
and southeastern regions of the island contain progradational beach ridge and swale sediments
(Meyer, 2013). The beach ridges are parallel to sub-parallel sand ridges separated by swales
where the former freshwater wetlands (Beach Pond and Flag Pond in the southeastern
Accretional Terrains) occupy the lower swales of the beach or dune ridge system (Meyer, 2013).
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Figure 12: Geology and Geomorphology of St. Catherines Island
Geology and topography of St. Catherines Island showing the Pleistocene Island Core
and Holocene Accretional Terrains. Beach Pond and Flag Pond are overlying sediments that
were once deposited at dune and swale complexes in the Southeast Holocene Accretional
terrains and were initially situated in former swales or topographic lower areas. After Bishop et
al., (2007); Linsley, Bishop, and Rollins (2008); Data from Meyer et al., (2009).
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Island Core
The island core’s composition is generally Late Pleistocene barrier island deposits (Hails
and Hoyt, 1969). These deposits were initially assigned by Hails and Hoyt (1969) to the Silver
Bluff Shoreline Complex but were reclassified by Huddleston (1998) as the Satilla Formation.
These deposits are characterized as being typically tan to light brown fine to medium grained
sands with two to three meters depth below the land surface of extensive bioturbation from
modern vegetation (Meyer, 2013). The island core averages five to seven meters above mean sea
level with moderate to little relief and has a slightly higher elevation along the eastern portions of
the core (Meyer, 2013). The middle of the island core is noted as the “Central Depression” where
a series of linear depressions are trending in a north-northeast to south-southwest direction
(Meyer, 2013). Ground penetrating radar investigations in the Central Depression revealed local
subsurface features that have a synformal cross-sectional profile that has been interpreted as sag
structures resulting from subsurface dissolutions of the Eocene carbonates that comprise the
Upper Floridian Aquifer System (Vance, et al., 2011). Archeological investigations in proximity
to the Central Depression have revealed historical accounts describing spring fed-meadows and
streams coming from the area (Hayes and Thomas, 2008). Further evidence of these depressions
being previous open freshwater wetlands was found when Ferguson et al., (2012) conducted a
palynological investigation of a vibracore sample extracted from a remnant freshwater marsh. At
the turn of the 19th century, the islands once artesian wells had hydraulic heads at ~ 45 feet above
the land surface (Vance, et al., 2011). Since then the current Floridian Aquifers potentiometric
surface has dropped to approximately 50 feet below the land surface (Reichard, et al., 2012).
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Northern Accretional Terrains
The Northern Accretional terrains are comprised of three key sedimentary packages that
are composed of beach ridges that have prograded into St. Catherines Sound due to sea level
dynamics and reactions from the inlet throats and variations to the tidal prism (Oertel, 1975). As
these beach ridges prograded and subsequently occupied the former southern range of the inlet, a
shallowing upward sequence is anticipated within a facies succession representative of subtidal
to supratidal depositional environments (Meyer, 2013). The major packages of dune ridges in the
northern accretional terrains are seen in three distinguishing orientations signifying separate
processes, or fluctuating island-inlet configurations may be accountable for their development
(Figure 13) (Meyer, 2013). Ortel's research on the island found that the accretional terrains on
the northern end of St. Catherines Island and on the southern reaches of Ossabaw Island have
formed with their long axis parallel to the throat of the St Catherines sound inlet due to the inlets
constriction (Oertel, 1975). Inlet constriction and its subsequent sediment accumulation occur
when an inlet has a larger throat size than the existing tidal prism (Meyer, 2013). Ortel concluded
that the inlet constricted due to shoreline retreat, seasonal reversals in the longshore current, and
decreasing tidal prisms from marsh or lagoonal deposition.
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Figure 13: Holocene accretional terrains of St. Catherines Island, GA
a) The three sediment packages that occur in the northern accretional terrains of St.
Catherines Island are separated by three erosional scarps. The youngest accretional sediment
package occurs in the NE portion of the island to the east of St. Catherines Scarp. b) oblique EW view of the northern accretional terrains, c) truncated beach ridge located on the NW, d)
Linear sets of beach ridges are also situated in the southeastern portion of the island and are
separated from the island core by the Back Creek Scarp, and e) oblique SW-NE view of the SE
terrains and relationship of Back Creek Scarp. Figure adapted from Meyer, 2013.
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Meyer (2013) describes the three ridge and swale sediment packages that occur in the
northern accretional terrains of St. Catherines Island as being surrounded by or separated by
three erosional boundaries or scarps (Figure 13a and 13b) designated as Northwest Scarp,
Engineers Scarp, and St. Catherines Scarp. The Northwest Scarp trends north-South and divides
the oldest accretional sediment package (Accretional Terrain I Figure 13a and 13b) from the
island core. The Northwest Scarp is located in the northwestern portion of the island adjacent to
Gator Creek Marsh. Engineers Scarp lies immediately north of the island core, where it bounds
the southern limits of the second oldest accretional sediment package (Accretional terrain II
Figure 13a and 13b) that is made up of six sets of beach ridge complexes that extend to the
current shoreline of St. Catherines Sound and bound by St. Catherines Scarp to the east. Meyer
(2013) describes the dune ridges located between Engineers Scarp and St. Catherines Scarp as
being linear in shape, extending to 1,600 feet in length with is long axis oriented north-northwest
(N55W to N65W), and is truncated on the west and northwest by the modern beach (Figure
13c). Meyer further describes the ridges as rising to approximately 3.4 meters above the high tide
elevation with the intervening swales ranging from 1.5 meters to 2.1 meters above the high tide
interval. The youngest accretional sediment package (Accretional Terrain III figure 13a and 13b)
occurs in the northeastern region of St. Catherines Island to the east of St. Catherines Scarp. One
linear (bearing north-south) set of dune ridges located immediately east of St. Catherines scarp
has an elevation of 7.5 meters to 8 meters and denote the approximate location of the shoreline
on the 1867 US Coast and Geodetic Survey Navigational Chart that is based on 1859 planimetric
data (Figure 13a) (Meyer, 2013). A study by Meyer (2013) has found a depositional pattern
occurring east of St. Catherine’s Scarp where subsequent beach ridges have been observed to
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have been prograded toward the east since the late 19th century, and beach ridges are currently
accumulating along the northeastern shore of the island. A study of St. Catherine’s dune ridges
using historical imagery by Rollins et al. (2011) demonstrated that three distinct beach ridges
were established over a 5-year interval following Hurricane Hugo in 1989.
The northern accretional terrains have some documentation of vertical accretion
occurring within the eastern portion adjacent to Engineers Road (east). A small bluff formed
from beach ridges ranging from 4 meters to 5 meters high can be seen along an erosional scarp
adjacent to St. Catherine’s Sound. An evaluation of the bluff by Potter et al. (2011) found a
charcoal-rich horizon at approximately 100 cm to 150 cm above the high tide elevation
delineating a former land surface. Potter et al. (2011) found that proximal pine trees were
observed to have lateral roots that occupy depths below the charcoal horizon. A benchmark
designated as “Rauer” by the US Coast and Geodetic Survey was originally placed in 1913 on
the bluff (figure 13a) (Meyer, 2013). The benchmark location was recovered in 1933 and
replaced with a new marker on the modern surface that remained present until subsequent
shoreline erosion captured the marker in June 2007. Incremental borings attained by Potter et al.
(2011) in a pine tree near the modern benchmark displayed 93 total tree rings with a burn scar on
rings nine and ten, indicating a forest fire circa 1924. Land surface comparison with that of land
surface recorded in 1924 shows that the current land surface is approximately three meters above
the 1924 land surface (Potter, 2011). This change in elevation indicates that significant vertical
accretion occurred in this area at an appreciable rate (approx. 3.5 cm/yr.) (Meyer, 2013). Studies
of this site by Sewanee University since the 1970s indicate cycles of shoreline erosion and
relative shoreline stability over the study period. Vertical accretion of this area has been
attributed to mechanisms associated with washover and eolian processes (Meyer, 2013).
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Southeastern Accretional Terrains
The southeastern accretional terrains are divided from the island core by a series of
scarps. The island core is separated from the eastern Holocene marsh deposits by the King New
Ground Scarp (Figure 13d and 13e). Meandering tidal creeks that have eroded into the island
core has created a new boundary called the King New Ground Emarginate Scarp (Bishop et al.,
2007). The Back Creek Scarp in the southeastern portion of the island separates the island core
from a linear series of beach ridges (Figure 13d and 13e). The beach ridges that are located
directly between the island core and the current shoreline, trend N35E to N25E, with a couple
of beach ridge sets that trend east-west (roughly parallel to Sapelo Sound). These beach ridges
are roughly 3.4 meters above the current high tide elevations. The intervening swales fluctuate
from 1.5 meters to 2.1 meters above the high tide interval. Truncation of some of the N35Etrending ridges occur on their most southern boundary. Several Beach ridges in the south margin
of this island exhibit trends more closely paralleling Sapelo Sound (N70E). The formation of
these ridges may be similar to the northern accretional terrains where processes associated with
accretion and erosion are related to the Sapelo Sound margin (Meyer, 2013). Radiocarbon and
OSL dates taken from a series of vibracores and archeological materials collected in this region
by Chowns (2011), Bishop, Meyer, and Vance (2007), Linsley (1993), and Bishop et al. (2011).
The vibracores were taken to produce radiocarbon and OSL dates for these selected Terrains,
while archeological materials were collected in order to constrain the minimum age of formation
of select beach ridges. Radiocarbon and OSL dates in the Cracker Tom Causeway study area
(adjacent to Back Creek Scarp) related the formation of the area to Circa 6000 B.P. indicating a
shallow marine environment. OSL dates of the beach ridge proximately west of Beach Pond
location yielded formation occurrence at roughly 1200 B.P.
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RESEARCH METHODS
The methods of evaluating environmental impacts due to Hurricane Matthew and
changes under modern transgression of the study area include the creation and update of a
modern shoreline dynamics model to depict the spatial response of the barrier island to
increasing rates of erosion, and the drive coring of sediments to document and evaluate washover
fan modifications.

Shoreline Dynamics Methods
Previous studies of shoreline dynamics on St. Catherines Island have shown substantial
rates of erosion along the majority of the island shoreface with some degree of accretion in
limited areas (Griffen and Henry, 1984; Potter, 2011). Traditional methods employed by Griffin
and Henry evaluating shoreline dynamics of St. Catherines Island by means of manual
cartographic and calculation techniques indicated a net shoreline retreat or erosion rate from
1859-1974 of 4.3 meters per year (m/yr.) along the north-central portion of the island, erosion
rates of 2.5 m/yr. along the southern central portion of the island, and considerable erosion rates
of 8.2 m/yr. along the Sapelo Sound Margin (Figure 2). Modern approaches by means of
Geographic Information System (GIS) software combined with the United States Geological
Survey’s (USGS) Digital Shoreline Analysis System (DSAS) ArcGIS software extension have
been used to aid in determining shoreline dynamics.
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Methodology
The USGS DSAS Version 4.2 is a free public domain software application that computes
the rate of change statistics for a time series of shoreline vector data. The current study used
DSAS Version 4.2, generated statistics of shoreline change, and compared these results against
the landform type that comprises the terrestrial- marine interface. In addition, the rates of erosion
and accretion have been evaluated in a semi-quantitative manner with respect to the islands
geology, topography, and geomorphology.
Shoreline data has been obtained from the various sources that follow and evaluated for
statistics of shoreline change. The Net Shoreline Movement (NSM) calculation yields a linear
distance of the displacement of the shore at a defined location. This value is calculated by
subtracting the shoreline position at an older date from a younger shoreline position where a
negative number indicates shoreline retreat or erosion and a positive value indicates shoreline
advancement or accretion. The shoreline change and resulting rate statistics have been computed
for transects that were generated normal to the shoreline (Figure 14). These transects were
located on 200-meter spacings or centers for the shore normal transects. Given n shoreline
samples, numbered in order from oldest to youngest date where Y denotes the shoreline position,
the NSM is:
NSM = Yn – Y1
NSM was used with the pre-Matthew and post-Matthew data sets to evaluate the shoreline
change specifically associated with the storm.
End Point Rates (EPR) have been calculated by dividing the shoreline change of two
shorelines by the elapsed time between them to yield a distance-per-time rate. Therefore, the
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shoreline change rate generated by the EPR method is the slope of the line between two points.
Using X to denote the date of a shoreline, the EPR is:
EPR = (Yn – Y1)/(Xn – X1)
Unlike the EPR method, the Linear Regression Rate (LRR) algorithm utilizes all shoreline
positions instead of only two data points. The rate calculated by the LRR method is the slope of
the line that is the least squares distance to the actual shoreline points, and the equation is:
LRR = XY / XY
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Figure 14: Shoreline Transects
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Error/Uncertainty Analysis
Typically some amount of shoreline position error can be expected owing to internal
factors or sources of error including digitizing techniques, image/map quality, GPS data
accuracy, and analyst abilities (Anders and Byrnes, 1991; Crowell et al., 1991; Dolan et al.,
1991). The root mean square error (RMSE) is calculated to estimate the shoreline error by
comparing predicted points from a registered map or image against points from a highly
controlled digital image. Other sources of error include the interpretation of the high water line
of demarcation, the width of plotted shorelines from maps, and the effects of scale (Dolan et al,
1980). The sources of error were evaluated by assigning a shoreline uncertainty value to each
shoreline dataset in the DSAS Model based upon the expected errors in the data source using
calculated published values.
The DSAS Model Version 4.2 allows for a weighted linear regression, whereby more
reliable data are given a greater weight or emphasis in determining a best-fit line (Himmelstoss,
2009). During calculation of rate-of-change statistics for shorelines, greater emphasis is placed
on data points for which the position uncertainty is smaller. The weight (w) is defined as a
function of the variance in the uncertainty of the measurement (e):

w = 1/ (e2)

where e = shoreline uncertainty value

The uncertainty field of the shoreline feature class is used to calculate weight. In conjunction
with the weighted linear regression rate, the standard error of the estimate (WSE), the standard
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error of the slope with user-selected confidence interval (WCI), and the R-squared value (WR2)
are reported (Himmelstoss, 2009).
Typically a degree of shoreline position error was expected due to internal factors
including digitizing techniques, image/map quality, GPS data accuracy, and analyst abilities
(Anders and Byrnes, 1991; Crowell et al., 1991; Dolan et al., 1991). Based on the methods of
Fletcher et al. (2003), Genz et al. (2007), and Rooney et al. (2003), seven different sources of
uncertainty were evaluated including digitizing error (Ed), pixel error (Ep), seasonal error (Es),
rectification error (Er), tidal fluctuation error (Etd), T-sheet error (Ets), and the conversion error
for T-sheets (Etc). An additional source of uncertainty is associated with the Positional Dilution
of Precision (PDOP) resulting from the ground collected GPS data (Egps) as a result of satellite
geometry at the time of data collection. The total positional uncertainty (ET) is the root sum of
the squares of the individual errors.


Digitizing Error (Ed): Digitizing of the shoreline was performed by one analyst (S.
Dobson) to promote consistency, and as a result it is considered to be a constant for
the various data sources and has been estimated at two meters as compared to
literature values that range from 0.5 to 5.7 meters for scenarios using multiple
analysts. The GPS point data (2009, 2010, 2011, 2014, 2015, and 2017) do not have a
digitizing error associated with the data sets due to the ground collected nature of the
data.



Pixel Error (Ep): The Pixel error was calculated based upon the resolution of the raster
data source and ranges up to 3.5 meters for older T-sheets and low resolution aerial
images. The more modern aerial data sets (post- 1993) have pixel errors of 1 meter
due to the high resolution of the raster data. The GPS point data (2009, 2010, 2011,
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2014, 2015, and 2017) do not have a raster pixel error associated with the data set due
to the ground collected nature of the data.


Seasonal Error (Es): The location of the shoreline may be influenced by seasonal
variation in wind, waves, and storms. The seasonal variation is minimized in the
current study since the vast majority of the data sets were collected during the spring
to fall seasons with the exception of the 1999 color infrared imagery (December 30,
1999). It is understood that the seasonal error may be significant in microtidal settings
where the seasonal variation may compose a significant portion of the tidal range and
influence the shoreline position. However, the seasonal error or influence has been
estimated to be minimal in the mesotidal setting of the Georgia Bight, and therefore it
has not been estimated or included in the subsequent uncertainty calculations.



Rectification Error (Er): The aerial photographs and images have been orthorectified
in the ArcMap environment to reduce errors associated with optics (lens distortions
and camera tilt), the Earths curvature, and terrain relief. To facilitate an estimation of
the rectification error, the root mean square error (RMSE) has been calculated for
each raster dataset by comparing predicted points from a registered map or image
against points from a highly controlled digital image. The historical or older maps
yield relatively higher RMSE values, and these have been noted and considered in the
shoreline dynamics evaluations.



Tidal Fluctuation Error (Etd): As opposed to shoreline dynamics studies that use the
mean water line or low water line, the current study utilizes the highest water mark
that represents the extent of the spring high tides. This line is demarcated in the field
and observed in aerial imagery by the location of the wrack line, or the linear feature
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produced by the accumulation of vegetative debris at the backbeach to eolian
transition zone and is not considered susceptible to small tidal fluctuations. Due to
this condition, the tidal fluctuation error has not been estimated or included in the
subsequent uncertainty calculations.


T-sheet Error (Ets): T-sheets were produced by surveyors who mapped the high water
mark (HWM) in the field using plane tables or transits. Shalowitz’s (1964) analysis of
topographic surveys identified three major sources of error associated with the Tsheet surveying methods: 1) measuring distances = +/- one meter, 2) plane table or
transit position = +/- three meters, and 3) delineation of the high water line = +/- four
meters. The total Ets is the root sum of squares of the three different sources of errors,
and equals +/- 5.1 meters. This uncertainty value has been included for the 1859,
1867, 1905, 1916, and 1926 historical navigation charts or T-sheets.



Conversion Error for T-sheets (Etc): This uncertainty is encountered when the high
water mark (HWM) is migrated from a T-sheet to a low water mark (LWM) using the
surveyed horizontal distance between the HWM and LWM. The current study uses
the HWM as the datum and as a result the conversion error for the T-sheets error has
not been estimated or included in the subsequent t uncertainty calculations.



Ground Collected GPS Error (Egps): GPS data accuracy is dependent on several
factors including the number and location of satellite vehicles that are available
during data collection. Positional Dilution of Precision (PDOP) is a calculated error
that correlates to the satellite geometry at a given time and location. A Trimble
GeoExplorer XM was used to collect the GPS data and PDOP values ranged from 2.1
to 3.1 meters.
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The total positional uncertainty (ET) is the root sum of the squares of the individual errors
(Romine et al., 2009; Fletcher et al., 2003).
UT = sqrt (Ed2 + Ep2 + Es2 + Er2 + Etd2 + Ets2 + Etc2 + Egps2)
Where Es = 0, Etd = 0 and Etc = 0
The total positional uncertainty (ET) has been calculated for each data source using the
aforementioned assumptions and is provided in Table 1. The weight (w) that is used for the
weighted linear regression analysis in DSAS is defined as a function of the variance in the
uncertainty of the measurement (e):
w = 1/ (e2)

where e = shoreline uncertainty value or UT

The error inputs and the results of the shoreline uncertainty calculations are provided in
Table 1 for the shoreface or eastern portion of the island.
The uncertainty associated with the data sets decrease in general over time as a result of
reductions in the errors associated with older data sets such as T-sheets (pre- 1951), and the
incorporation of more modern data such as higher resolution imagery and the 2009-2017 GPS
data. The uncertainty values from Table 1 have been incorporated into the model for the
weighted linear regression analysis (WLR) whereby a greater emphasis is placed on shoreline
data for which the positional uncertainty is smaller.
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Table 1: Shoreline Uncertainty Evaluation
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Data Sources
Sources for shoreline data were identified including historical navigational charts from
the Historical Maps and Images Collection of the National Oceanic and Atmospheric
Administration (NOAA), digital ortho imagery from the USGS and USDA National Agricultural
Inventory Program (NAIP), digital imagery from DigitalGlobe Inc., and GPS data collected
under the current study. Shorelines were digitized and generated from data sets including:


1859, 1905, and 1916 Sapelo Sound Charts (NOAA)



1867,1905, and 1926 St. Catherines Sound Navigational Charts (NOAA)



1951 Black/White Aerial Imagery (USGS)



1968 Black/White Aerial Imagery (USGS)



1968 Ossabaw /St. Catherine’s Sound Navigational Chart (NOAA)



1974 Black/White Aerial Imagery (USGS)



1993 Black/White Imagery (USDA NAIP)



1999 Color Infrared Imagery (USDA NAIP)



2006 True Color Imagery (USDA NAIP)



2007 True Color Imagery (USDA NAIP)



2009 Global Positioning System (GPS) Data (B. Meyer)



2010 Global Positioning System (GPS) Data (B. Meyer)



2011 Global Positioning System (GPS) Data (B. Meyer)



2012 High Resolution Imagery (USGS)



2013 True Color Imagery (NAIP)



2014 Global Positioning System (GPS) Data (B. Meyer)
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2015 Ture Color Imagery (NAIP)



2015 Global Positioning System (GPS) Data (B. Meyer)



2016 Digital Globe Imagery



2017 Global Positioning System (GPS) Data (S. Dobson)



2017 True Color Imagery (NOAA)

The historical imagery were georeferenced and all imagery, shorelines and supporting
data were assembled in a personal geodatabase. The Universal Transverse Mercator map
projection (Snyder, 1987) was used for the data sets in Zone 17 North (UTM N17). This
projection is frequently used for regional and local digital map data sets and was cast on the
North American Datum of 1983 (NAD83).
The current study used modern statistical methods (DSAS Model) and applies historical
and current data to evaluate shoreline dynamics associated with St. Catherines Island, its relation
to Hurricane Matthew, and provides an evaluation of more recent erosional/accretional rates with
current or modern data, a greater spatial resolution of shoreline dynamics (more closely spaced
transects), and a more robust analysis of potential sources of error enabled by the DSAS Model.
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Figure 15: Data and DSAS model processing flow chart

Figure adapted from (Meyer 2013)
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Drive Coring Methods
Drive coring is a technique for subsurface sediment core retrieval that allows for
preservation of the sediments stratigraphy and sedimentological context (Howard and Frey,
1975). This method allows for continuous sediment acquisition at the location generating a
sedimentary core that during extraction preserves stratigraphic layering, sedimentary structures,
fossils and other lithographic material in their natural context.
Methodology
A segment of aluminum core pipe is advanced into the substrate via hammering of the
pipe. Advancement of the pipe is done by the hammering of a wooden block positioned on top of
the aluminum pipe promoting downward force. Though the setup is capable of handling barrels
of any length, the advancement depth (or refusal) is dependent on the sediments pore water
saturation and lithology. Once maximum penetration is achieved the core location, GPS
coordinates, compaction, and total depth measurements are recorded. The compaction value of
sediment within the core is calculated by measuring the depth to the sediment surface inside the
core pipe and is subtracted from the length of pipe remaining above the ground. The pipe is then
plugged to create and vacuum within the pipe and is then extracted via an off road car jack
positioned on a sheet of wood for weight distribution. Once fully extracted, any loss of sediment
from the lower end of the pipe is measured. Using a saw the pipe is then trimmed of any excess
empty barrel length just above the surface of the sediment. The core is marked with catalog
numbers representing location and directionality in relation to the ground. The cores may be cut
into sections in the field for ease of transport. The exposed ends of all core sections are sealed
with a plastic cap and/or duct tape for sediment loss prevention (Figure 16)
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Figure 16: Drive Core Methods
a)GPS Coordinates being taken, b) example of equipment used to hammer (drive) the
pipe( we used a 3-inch aluminum pipe), c) example of off road jack used for core retrieval (not
we also used a chain to attach to the pipe and jack that was positioned on plywood), d) cores are
opened using a circular saw and the assistance of a fabricated wooden box to serve as a jig in
guiding a true and safe cut, e) cores are photographed using a fabricated copy stand, and f) a
high resolution photographic image is produced using multiple images and a photographic log is
produced.
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Data Processing
The core is transported to a laboratory and opened for subsequent analyses. A wooden
guide box that holds the core and allows for straight and true cuts is suggested to improve the
quality of the procedure while adding protection against possible stray cuttings (Figure 16d). An
electric circular saw with a carbide blade set to a slightly greater depth of the wall thickness is
then used to saw along the straight line on one side of the core. The core tube is rotated 180 and
cut a second time along its length. The core is removed from the box carefully to avoid
separation, and a cut is then made through the sediment with a thin knife, piano wire or a coping
saw to separate the core into two half cylinders. Holding the core horizontally with the cut
vertical, the core is then allowed to split open laying each half with the cut surface horizontal and
upward. The surface of the exposed sediment core is then gently shaved with a sharp knife,
trowel, or scraping tool to prepare the core for description and photographic purposes. A metric
tape of folding metric scale is laid along the length of the core for scale, or scaled marks can be
placed directly on the core tube at 10 cm intervals. The core is then photographed in a
commercially available or custom built photo stand (figure 16e) and described on a logging
form. The cores are normally logged from the surface downward, starting at the surface as “0”
and logging downward to the total depth (TD) of the core. Logs typically include information
such as sediment type, layering, and sedimentary structures and “fossils” if present.
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RESULTS
The following sections provide the results from the current study for shoreline dynamics
modeling and vibracore samples.
Shoreline Dynamics
Results have been generated for the shoreface and nearshore environments portions of the
island. These results were evaluated against landforms that compose the terrestrial to marine
transition (shoreline) within the study area and against the relative net shoreline movement as a
product of Hurricane Matthew; providing an estimate of the impacts of Hurricane Matthew in the
form of estimating the average years of change at each transect location.
Island Shoreface Dynamics
Imagery and GPS data for the eastern or shoreface portion of the island were imported
into a personal geodatabase and processes from the data sources noted in the section 5.1.3.
Shorelines were then digitized based on the wrack line position (backbeach environment) and
compiled into the geodatabase with associated metadata. Transects were then cast at 200 meter
spacings on the seaward portion of the island from St. Catherines Sound to Sapelo Sound.
The data and results were grouped into long term rates (1859-2016), short term rates
(1999-2016), and Hurricane Matthew Net Shoreline Movement change (July 2016-March 2017)
and transects were assigned a landform type. These methods were chosen in order to
quantitatively evaluate the dynamic trends of the islands main shoreface landforms along with
their impacts due to the storm, and are described in detail in the discussion sections. End Point
Rates (EPR), Linear Regression Rates (LRR), and Weighted Linear Regression Rates (WLR) for
shoreline dynamics were generated. A plot of the results for the various rates of change
calculations for both of the time eras is provided for the shoreface portion of the island in (Figure
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17), and the individual results for long term and short term LRR and WLR method are provided
in Appendix A.1. Standard statistics and mean values were generated for each shoreline
compartment correlating to the landform type that encompasses the shoreline at a specific
location in an effort to minimize the local variances due to land slope, vegetative cover, etc. The
shoreline compartments (from north to south) include: 1) the ridge and swale topography of
Walburg Creek located to on the northwestern side of the island; 2) the ridge and swale
topography adjacent to St. Catherines Island Sound; 3) the northeastern accretional terrains
located on North Beach; 4) the island core that comprises the shoreline at Yellow Banks Bluff; 5)
the shoreline spit at Seaside Spit; 6) the shoreline berm at Middle Beach; 7) the shoreline spit
located south of McQueen Point; 8) the ridge and swale topography of South Beach in the
southeastern accretional terrains; and 9) the shoreline spit located on the extreme southern
portion of South Beach in the vicinity of Beach Creek.
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Figure 17: Long Term and Short term shoreline dynamics by compartment

Transects 1-6 (Figure 14) are located along Walburg Creek which is not labeled in the
previous figure due to the low amount of transects. Long term rates (1859-2016) indicate a
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minimum WLR rate of -0.68 m/yr (erosional), a maximum rate of +0.06 m/yr (accretional), and a
mean rate of -0.30 m/yr (erosional). Long term LRR rates indicated a minimum rate of -0.78
m/yr (erosional), a maximum rate of -0.01 m/yr (erosional), and a mean rate of -0.35 m/yr
(erosional). Short term rates (1996-2016) indicate a WLR rate range from -0.61 m/yr to +0.46
m/yr (mean rate = -0.07 m/yr). Short term LRR rates indicate a range from -0.60 m/yr to +0.48
m/yr (mean rate =

-0.06 m/yr). The decrease in mean rates from long term to short term

indicates that erosion has slowed. This may be due to the larger max rate values seen in the short
term rates.
Transects 7 through 17 are located along St. Catherines Sound. Long term rates (18592016) indicate a minimum WLR rate of -2.79 m/yr (erosional), a maximum rate of -0.04 m/yr
(erosional), and a mean rate of -1.95 m/yr (erosional). Long term rates (1859-2016) indicate a
minimum LRR rate of -3.01 m/yr (erosional), a maximum rate of +0.23 m/yr (accretional), and a
mean rate of -2.07 m/yr (erosional). Short term rates (1999-2016) indicate a minimum WLR rate
of -3.75 m/yr (erosional), a maximum rate of -0.57 m/yr (erosional), and a mean rate of -2.27
m/yr (erosional). Short term rates (1999-2016) indicate a minimum LRR rate of -3.79 m/yr
(erosional), a maximum rate of -0.58 m/yr (erosional), and a mean rate of -2.16 m/yr (erosional).
The similarity of mean rates between the long term and short term eras indicate that little to no
change in the rate of shoreline retreat has occurred along the St. Catherine’s Sound area.
Transects 18 through 30 are located along the Northeastern Terrains. Long term rates
(1859-2016) indicate a minimum WLR range from -1.12 m/yr to +5.58 m/yr (mean rate = +2.75
m/yr). Long term LRR rates ranged from -1.32 m/yr to +4.61 m/yr (mean rate = +2.41 m/yr).
Short term (1999-2016) WLR rates ranged from -6.58 m/yr to +15.35 m/yr (mean rate = +4.99
m/yr). Short term LRR rates ranged from -6.73 m/yr to +16.18 m/yr (mean rate = +5.13 m/yr).
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The increase in accretional mean rates indicates that less erosion is occurring. During the short
term era, both the min and max rates are occurring at faster rates. However, the maximum rates
have drastically increased over the past 17 years.
Transects 31 through 32 are located along the Yellow Banks Bluff. Long term rates
(1859-2016) indicate a minimum WLR rate ranging from -2.47 m/yr to -1.84 m/yr (mean rate = 2.16 m/yr). Long term LRR rates range from -2.50 m/yr to -1.98 m/yr (mean rate = -2.24 m/yr).
Short term (1999-2016) WLR rates range from -2.30 m/yr to -0.81 m/yr (mean rate = -1.56
m/yr). Short term LRR rates range from -2.36 m/yr to -0.97 m/yr (mean rate = -1.67 m/yr).
According to the mean rates, the Yellow Banks Bluff has hardly decreased in erosional rates.
Transects 33 through 40 are located along Seaside Spit. Long term rates (1859-2016)
indicate a minimum WLR rate ranging from -4.78 m/yr to -3.04 m/yr (mean rate = -4.25 m/yr).
Long term LRR rates range from -4.36 to -3.00 m/yr (mean rate = -3.98 m/yr). Short term
(1999-2016) WLR rates ranged from -9.57 m/yr to -3.55 m/yr (mean rate = -7.20 m/yr). Short
term LRR rates ranged from -9.40 m/yr to -3.61 m/yr (mean rate = -7.15 m/yr). As indicated by
the mean values of both eras, there has been a drastic increase in erosion of Seaside spit over the
course of the short term period. In fact; Seaside Spit has the largest minimum values (largest
erosional rate) of all the compartment minimum values.
Transects 43 through 53 are located along Middle Beach. Long term rates (1859-2016)
indicate a WLR rates ranging from -6.83 m/yr to -3.45 m/yr (mean rate = -4.48 m/yr). Long term
LRR rates range from -6.72 m/yr to -3.27 m/yr (mean rate = -4.25 m/yr). Short term (1999-2016)
WLR rates range from -6.42 to -2.50 m/yr (mean rate = -4.29 m/yr). Short term LRR rates range
from -6.44 m/yr to -2.62 m/yr (mean rate = -4.32 m/yr). The similarity of the mean rates
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indicates that the erosional status of Middle Beach has been consistent over the course of both
time eras.
Transects 56 through 73 are located along McQueen Point/Spit. Long term rates (18592016) indicate a minimum WLR rate ranging from -4.00 m/yr to 1.52 m/yr (mean rate = -2.13
m/yr). Long term LRR rates range from -4.43 m/yr to 2.15 m/yr (mean rate = -2.03 m/yr). Short
term (1999-2016) WLR rates range from -8.59 m/yr to +1.48 m/yr (mean rate = -2.72 m/yr).
Short term LRR rates range from -8.88 m/yr to +1.37 m/yr (mean rate = -2.87 m/yr). According
to the mean rates the McQueen point/spit has only slightly increased in erosional rate in the past
17 years.
Transects 74 through 114 are located along South Beach. Long term rates (1859-2016)
indicate a minimum WLR rate ranging from -8.27 m/yr to -1.32 m/yr (mean rate = -3.14 m/yr).
Long term LRR rates range from -8.35 m/yr to -1.19 m/yr (mean rate = -3.11 m/yr). Short term
(1999-2016) WLR rates range from -5.96 m/yr to -2.13 m/yr (mean rate = -3.75 m/yr). Short
term LRR rates range from -6.14 m/yr to -2.08 m/yr (mean rate = -3.82 m/yr). The South Beach
compartment mean rates indicate a slight increase in erosional rates over the course of the short
term period.
The shoreline model results were then grouped by landform type to evaluate the influence
of landform type on shoreline dynamics (Figure 18). The four major landform types that
comprise the shoreline at St. Catherines Island are 1) the active accretional terrains (northeast);
2) the island core; 3) the beach ridge/swale topography; and 4) the spit and berms.
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Figure 18: Comparison of Long and Short Term rates by Landform Types
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Shoreline dynamic rates for the accretional terrain landform (Figure 18 and 19)
topography associated with the northern Holocene terrains adjacent to St. Catherines Sound that
were calculated using weighted linear regression (WLR) method for the long term rates (18592016) range from -1.12 m/yr to +5.58 m/yr (mean rate = +2.75 m/yr). Long term LRR rates
ranged from -1.32 m/yr to +4.61 m/yr (mean rate = +2.41 m/yr). The short term (1999-2016)
WLR rates range from -6.58 m/yr to +15.35 m/yr (mean rate = +4.99 m/yr). Short term LRR
rates ranged from -6.73 m/yr to +16.18 m/yr (mean rate = +5.13 m/yr). These mean values
suggest that shoreline accretion has increased in the active accretional terrains. The negative or
erosional rates are associated with the northern margin of the northeastern terrains that bound the
St. Catherines Sound, indicating minor shoreline retreat in the in the northeastern terrains that is
most likely associated with inlet dynamics.

Figure 19: Accretional Terrain Landform
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Results indicate that shoreline dynamics for the island core landform (figure 18 and 20)
associated with the Yellow Banks Bluff area for the long term WLR rates range from -2.47 m/yr
to -1.84 m/yr (mean rate = -2.16 m/yr). Long term LRR rates range from -2.50 m/yr to -1.98
m/yr (mean rate = -2.24 m/yr). The short term rate data indicates WLR rates ranging from -2.30
m/yr to -0.81 m/yr (mean rate = -1.56 m/yr). Short term LRR rates ranged from -2.36 m/yr to 0.97 m/yr (mean rate = -1.67 m/yr).The decrease in mean rates suggest that shoreline retreat has
decreased a negligible amount since 1999.

Figure 20: Island Core Landform – Yellow Banks Bluff
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Rates for shoreline dynamics that were calculated for the ridge and swale areas (Figure 18 and
21) associated with the Walburg Creek, St. Catherine Sound, and the South Beach areas for the
long term rates indicate WLR rates ranging from -3.50 m/yr to +0.04 m/yr (mean rate = -1.80
m/yr). Long term LRR rates ranged from -3.67 m/yr to +0.23 m/yr (mean rate = -1.78 m/yr).
The short term rate data indicates WLR rates ranging from -4.32 m/yr to -0.09 m/yr (mean rate =
-2.84 m/yr). Short term LRR rates ranged from -4.36 m/yr to -0.08 m/yr (mean rate = -2.89
m/yr). The change in the mean rates suggests that shoreline retreat has increased.

Figure 21: Ridge and Swale Landform
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Data for the spit and berm landforms (Figure 18 and 22) associated with the Seaside
Spit, Middle Beach, McQueen Point/Spit, and the South Beach regions resulted in WLR rates
ranging from -8.27 m/yr to +1.52 m/yr (mean rate = -4.08 m/yr) for the long term rate. Long
term LRR rates ranged from -8.35 m/yr to +2.15 m/yr (mean rate = -3.95 m/yr). Short term WLR
rates ranged from -9.57 m/yr to -1.17 m/yr (mean rate = -4.64 m/yr). Short term LRR rates
ranged from -9.40 m/yr to -1.39 m/yr (mean rate = -4.70 m/yr). This suggests that dynamics
associated with spit and berm areas have had a slight increase in associated erosion.

Figure 22: Spit and Berm Landform
Note the debris/wrack line used in GPS determination of Spring High Tide demarcation.
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Drive Coring
A total of 4 drive cores have been evaluated under the current study. A summary of the
drive core boring metadata and details are provided in the drive core logs that are found in
Appendix 6.2. The drive core locations were selected to evaluate the environmental change
associated with Seaside Spit as a result of Hurricane Matthew, in addition, the current cores
extend a previous transect performed by Meyer (2013) and will be discussed in the next section.
The interpretations of the facies and the associated depositional environment were performed
using field observations and reference data collected under the current study.

Seaside Spit Study Area
A series of four drive cores (SD 031317-01, SD 031317-02, SD 031317-03, and SD
031317-04) were situated across and active washover fan at Seaside Spit and collected on 03
March 2017 (figure 23& 24). The easternmost core was situated on the active beach berm at
approximately 4.5 ft above mean sea level, and the westernmost core was located near the distal
edge of the washover fan. All of the cores were advanced through the washover fan to the
assumed depth of the now covered high marsh. Results from the cores indicated the active
washover fan created by Hurricane Matthew was deposited over an inactive washover fan that
was assumed to have been deposited in May 2012 from the Tropical Storm Beryl. Washover fan
facies are dominated by medium to fine grained quartz sands with appreciable heavy mineral
content based on visual observations. Increasing depth transition into darker reduced quartz sand
grains is noted in the cores and appears to have been developed on an inactive washover as stated
above, and demark a separate washover as seen in each core. In total, the washover fan induced
by Hurricane Matthew as seen in the cores indicate that appreciable retrogradation of the
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washover fan was not observed, however, vertical aggradation was observed in all four of the
cores. Satellite image comparison indicate that the breach causing the initial washover fan event
with sediments reaching the furthest core to the west (Core 4) occurred following the end of
2011 and prior to November 24th, 2012. As stated previously in Section 3.3.4, Tropical Storm
Beryl passed through Georgia waters on May 26th, 2012, where winds were recorded at Ft
Pulaski at around 55 mph with storm surges over 4 ft high. It can therefore by hypothesized that
this tropical storm induced the first washover event within the extent of the cores and was in turn
overlain with washover sediments attributed to Hurricane Matthew. Remote sensing and
subsurface coring data indicate that the washover fan has migrated over 100 meters during the
2010-2017 time period.
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Figure 23: Pre and Post Matthew images with drive core locations
Drive cores collected under the current study in red, and previous core locations in
magenta, representing the previous extent of the washover fan indicating a transgressive
sequence. Top image shows the extent of the washover pre-Matthew and the bottom image shows
the extent of the washover post-Matthew.
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Figure 24: Seaside Spit transect cross section
Significant shoreline retreat and modification to nearshore environments were
documented with the collection of hand cores on Seaside Spit to extend a transect of existing
vibracores. Remote sensing and subsurface data indicate that the washover fan has migrated
over 100 meters during the 2010-2017 time period. The scale here indicates that the distance for
1 ft vertically as seen by distance between each horizontal line is equal to 20 feet in the east west
direction.
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DISCUSSIONS
The following sections discuss the impacts of St. Catherine’s Island produced from
Hurricane Matthew (HM). Specifically, these sections will evaluate the “Years of change” value
calculated for each transect, the major shoreline compartments, and their respective landforms;
an assessment of impacts on nearshore depositional environments and habitats, and an evaluation
of the impact of the storm on the studied washover fan on Seaside Spit. The purpose of the
following sections is to provide some insights into the major transformations of St. Catherines
Island that occurred in response to Hurricane Matthew.
Impacts to St. Catherines Island by Hurricane Matthew
Shoreline dynamic rates were generated for each shoreline compartment correlating to
the landform type that encompasses the shoreline at a specific location in an effort to minimize
the local variances due to land slope, vegetative cover, etc. In addition, a measurement of Net
Shoreline Movement (NSM) was performed at each transect of the shoreline by using pre and
post-Hurricane Matthew images and ground-collected GPS data. The results of these data
allowed for a quantitative assessment of erosion or loss of area and accretion or gain of land or
associated habitat on the island. These findings will be discussed in this section, and Section 7.3.
The Hurricane Matthew Net Shoreline Movement data along with the short-term shoreline
change rates were used to generate the Years of Change in shoreline rate that occurred as a result
of Hurricane Matthew and can be seen in (Figure 25).

71

This “years of change” value is calculated by:
Years Change = Net Shoreline Movement divided by the WLR Shoreline rate * -1
Years Change = NSM / WLR *(-1)
Positive (Years change, NSM, & WLR) = shoreline advance
Negative (Years change, NSM, & WLR) = shoreline retreat

The WLR rates were used in the calculation of the Years Change for two reasons; 1) The
LRR and WLR values were similar and; 2) the WLR rates incorporate the calculated error or
uncertainties that were used for evaluating impacts of Hurricane Matthew. A table for the
calculations and results can be found in Appendix A.1 and A.2.
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Figure 25: Impacts of Hurricane Matthew by Compartment
Net Shoreline Movement (NSM) and Years of Change Evaluation
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Hurricane Matthew represents 3.7 years of erosion (-3.7 yrs) on average to the shoreline,
and an average NSM of -12.08 meters of landward movement, however appreciably higher rates
of change or erosion were observed in compartments such as Middle Beach (-4.29 yrs), Yellow
Banks Bluff (-6.16 yrs), and McQueen Point/Spit (-7.76 yrs.) Lower rates of shoreline erosion,
though still significant; occurred in South Beach (-3.46 m), St. Catherine’s Sound (-2.89 yrs),
Seaside Spit (-2.42 yrs), Walburg Creek (-2.12 yrs), and in the Northeastern Terrains (-0.67 yrs).
It has been calculated that in total, St, Catherines Island had a combined areal loss (erosion) of
66.5 acres as a result of Hurricane Matthew. The areal impacts are provided in Table 2 and
discussed further in Section 7.2. As stated previously, Walburg Creek that covers a mere 1,000
meters of shoreline (and isn’t labeled in the previous figure do the few transects) had the lowest
years of change that ranged from -12.67 yrs to 4.87 yrs, with a mean value of -2.12 yrs. This is
most likely due to the ridge/swale topography of Walburg Creek and the shoreline compartment
being located on the northwest portion of the island (adjacent to St. Catherine’s Sound) where
longshore transport of sediment from the northern portion of the creek shoreline buffers the
shoreline and allows for limited accretion. The Walburg Creek compartment also experienced
the lowest average NSM (-0.50 m) and had the lowest short term WLR rate (-0.07 m/yr). The
lower erosional rate and years of change could be due to the fact that the Walburg Creek
shoreline is on the northwest portion of the island where the shoreface is protected from wave
erosion and storm surge. Northeast of Walburg Creek lies more ridge/swale topography adjacent
to St. Catherines Sound. This shoreline compartment experienced a wide range of erosional
values, and the results indicated a mean value of -2.89 years of erosion with some areas
experiencing -11.49 years of change. On average this area was calculated to have a short term
erosion rate of -2.27 m/yr, however, during the storm, the shoreline was eroded almost 5 meters
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on average inland with some areas experiencing around 10 meters of movement along the most
northern point of the island. Located east of the sound lies the Northeastern Terrains where a
large range of erosion and accretion occurred as a result of the storm. On average this terrain
only experienced 0.67 years of erosion with a mean shoreline movement of 1.29 meters
landward. However, some portions of this compartment experienced 44.88 meters of erosion and
on the other hand 24.9 meters of seaward accretion. South of the Northeastern Terrains lies
Yellow Banks Bluff along which the shoreline experienced 6.16 years of erosion. As seen in the
following figure, no accretion was observed along Yellow Banks Bluff. On average, the
shoreline of Yellow Banks Bluff eroded approximately 7 meters. Seaside Spit, located south of
Yellow Banks Bluff had on average 17.58 meters of net movement along this 1400 meter stretch
of shoreline. Seaside Spit experienced an average of 2.42 years of erosion which is significant
considering that the average rate of shoreline retreat on Seaside Spit is 7.20 meters per year.
Further south lies more spit/berm landforms that make up the Middle Beach shoreline
compartment. Hurricane Matthew induced over 4 years of erosion on this compartment which
normally erodes at a rate of 4 meters per year. Middle Beach’s shoreline incurred a maximum of
30 meters with around 17 meters of shoreline movement on average. To the south of Middle
Beach is the McQueen Point/Spit which is the compartment that experienced the largest
transformation with an average of 7.76 years of erosion and changes ranging from 14.50 to 1.66
years of erosion. The average NSM value along this spit was 23.67 meters landward movement,
with the maximum erosion or NSM of 63.58 meters. The 1,700 meter stretch of ridge and swale
and spit/berm landforms encompassing the South Beach shoreline compartment has been eroding
since 1999 at an average rate of 3.75 m/yr, and as a result of Hurricane Matthew experienced on
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average 3.46 years of erosion. Measurements of NSM for South Beach indicated shoreline
erosion measures ranging up to 24.12 meters with an average NSM of 12.46 meters.

Shoreline Dynamics and Role of Shoreline Landforms
As stated earlier Hurricane Matthew represented 3.7 years of erosion on average to the
shoreface portion of the island. However, the evaluation of shoreline dynamics by the geographic
shoreline compartments resulted in significantly higher rates of erosion being represented in
areas such as Middle Beach, Yellow Banks Bluff, and McQueen Point/Spit. Both Middle Beach
and McQueen Point/Spit are noted as being composed of spit/berm landforms, and Yellow Banks
Bluff is characterized as being composed of the topographically higher island core landform.
These shoreline compartments and the associated landforms resulted in larger years of erosion on
average (spit/berm = -4.58 yrs, and island core = -6.16 yrs) than were expected. A plausible
explanation is that the storm surge associated with Hurricane Matthew (+8 ft above high tide)
was able to reach higher portions of the elevated bluff and higher dunes resulting in undercutting
and mass wasting processes, resulting in the more appreciable erosion. The relatively lower
elevation ridge and swale landforms would have been fully submerged to a depth below the
effective wave depth and possibly avoiding erosive water velocities during the peak of the storm
surge. Lesser, however, significant rates of shoreline change were seen in the ridge/swale (-3.58
yrs), and northeastern accretional terrain (-0.67 yrs) landforms. The calculations can be seen in
Appendix A.2, and the plot for NSM and the years of change calculations can be seen in Figure
26. This study focused on the four major landforms (including the aforementioned landforms) of
St. Catherines Island which include: 1) the accretional terrains associated with the northeastern
portion of the island; 2) the island core landforms associated with Yellow Banks Bluff; 3) the
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ridge and swale landforms associated with Walburg Creek, St. Catherines Island Sound, and
South Beach, 4) the spit and berm landforms associated with Seaside Spit, Middle Beach,
McQueen Point/Spit, and South Beach. The short term (1999-2016) rates associated with the
northeastern accretional terrain landforms of the island had a mean rate of 4.99 m/yr indicating
shoreline advance or accretion over the 1999-2016 time period. However impacts from
Hurricane Matthew (HM) generated years of change values ranging from -4.31 yrs (retreat) to
3.35 yrs (advance); with the mean value indicating -0.67 yrs (retreat). Net shoreline movement
indicated distances ranging from -44.88 m (landward) to 24.90 m (seaward) with a mean
shoreline movement of 1.29 m landward (NSM = -1.29). The shoreline dynamics in this area are
most likely a result of the offshore St. Catherines Bar or shoal feature, which could have
provided some buffering of erosive wave energy. In addition, the shoreline changes direction
across this landform from an east-west to a north-south direction, providing a change of direction
for incoming waves and refraction.
The short term rates associated with the island core landform of the island had a mean
shoreline rate of -1.56 m/yr. The impact of Hurricane Matthew in this area resulted in a years of
change values ranging from -9.57 yrs to -2.76 yrs (mean value = -6.16 yrs). This is the largest of
all changes relative to the other landforms in consideration. The NSM along the island core
ranged from -7.75 m to -6.35 m (mean value = -7.05 m).
The short term rates associated with the ridge and swale landform areas of the island had a
mean WLR rate of -2.84 m/yr indicating shoreline retreat. The impact of Hurricane Matthew in
these areas resulted in years of change values ranging from -12.67 yrs to 2.00 yrs (mean value = 3.55 yrs). The NSM calculated resulted in distances ranging from -22.82 m to 1.05 m (mean
value = -9.01 m).
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Figure 26: Impacts of Hurricane Matthew by landform
Net Shoreline Movement (NSM) and Years of Change Evaluation

78

The short term rates associated with the spit and berm landform areas of the island had a
mean WLR rate of -4.64 m/yr indicating shoreline retreat. The impact of Hurricane Matthew in
this area resulted in years of change values ranging from -14.50 yrs to 0.00 yrs (mean value =
4.58 yrs). NSM reported in these areas indicated landward shoreline retreat distances ranging
from -63.58 m to 0.00 m (mean value = -18.35 m).
Results were generated to present the net shoreline movement of the landforms of the
entire island to give a broad scope of the effect that Hurricane Matthew had on the island
landforms. On average the NSM of all the land forms were around 12.08 m. Similarly; on
average and as stated in the previous section HM induced about 3.70 years of erosion (years
change = -3.70) on the entirety of the landforms in consideration.

Impacts to Nearshore Depositional Environments/Habitats
The shoreface portion of St. Catherines Island has been evaluated with respect to
shoreline dynamics (linear rate of change), the net shoreline movement as a result of Hurricane
Matthew, and the years of change that occurred as a result of the storm. In order to evaluate the
spatial impacts of the storm relative to the habitats of the shoreface; the wrack line representing
the pre and post Matthew shorelines were digitized into polygons (Example of North Eastern
Terrain in Figure 27), representing the areal extent of land that was lost (erosional) due to the
conversion of supratidal into intertidal environments and the areal extent that was gained
(accretional) due to the conversion of intertidal environments to supratidal environments. The
polygons were then designated by their respective shoreline compartment and their pre and post
habitat (Table 2, 3, and 4). Pre-Matthew habitats were identified using a land cover data set
generated by Sewanee University and aerial imagery, and post-Matthew habitats were based on
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post-storm field reconnaissance. The significant habitats that were gained or lost included:
maritime forest, eolian dune, and intertidal beach. Approximately 70 acres of land were modified
as a result of the storm, with a limited 3.7 acres of accretion occurring, and an astounding 66.5
acres of land and habitats being lost due to erosion. Of these changes, the accretional areas
represented a habitat change from intertidal beaches to eolian dunes, and the erosional areas
represented habitat changes from maritime forest or eolian dune to intertidal beaches. Where
accretion did occur, almost all of it was located in the Northeastern Terrain shoreline
compartment (Figure 27). Other extremely limited areas of accretion occurred in compartments
such as Walburg Creek, St Catherines Sound, Middle Beach, and South Beach where about 15%
of the accretion were observed. Significant polygons representing erosion or supratidal land loss
were located along Yellow Banks Bluff, Seaside Spit, Middle Beach, McQueen Point/Spit, and
South Beach. In regards to the 66.5 acres of habitat loss due to erosion, 78% or 52.5 acres
represented the change in supratidal habitat from eolian dunes to intertidal beaches, and 22% or
14.3 acres represented the change from supratidal habitat maritime forest to intertidal beaches.
The majority of this change occurred along South Beach and McQueen Point/Spit which
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comprise almost 70% of the island shoreface.

Figure 27: Acretional and Erosional Impacts Example
Table 2: Hurricane Matthew - Impacts on Habitat (accretional)
Area Area
ID
(m2)

Shoreline

Shoreline Pre-Matthew

Post-

Compartment

Change

Matthew

Habitat

Habitat
3

8.3

Walburg Creek

Accretion

intertidal beach

eolian dune

6

36.7

Walburg Creek

Accretion

intertidal beach

eolian dune

8

1.5

Walburg Creek

Accretion

intertidal beach

eolian dune

10

0.7

Walburg Creek

Accretion

intertidal beach

eolian dune

12

9.0

Walburg Creek

Accretion

intertidal beach

eolian dune

14

2.4

Walburg Creek

Accretion

intertidal beach

eolian dune
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16

47.1

Walburg Creek

Accretion

intertidal beach

eolian dune

20

45.3

St. Catherines Sound

Accretion

intertidal beach

eolian dune

22

17.3

St. Catherines Sound

Accretion

intertidal beach

eolian dune

24

10.8

St. Catherines Sound

Accretion

intertidal beach

eolian dune

26

5,753.5

Northeastern Terrains

Accretion

intertidal beach

eolian dune

28

6,940.4

Northeastern Terrains

Accretion

intertidal beach

eolian dune

32

6.5

Middle Beach

Accretion

intertidal beach

eolian dune

42

0.7

South Beach

Accretion

intertidal beach

eolian dune

45

2,010.2

South Beach

Accretion

intertidal beach

eolian dune

14,890.1 Total Area Accretion
(m2)
3.7

Total Area Accretion (acres)
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Table 3: Hurricane Matthew - Impacts on Habitats (Erosional)
Area Area
ID
(m2)
1
54.2

Shoreline
Compartment
Walburg Creek

Shoreline Pre-Matthew
Change
Habitat
Erosion
maritime forest

Post-Matthew
Habitat
intertidal beach

2

223.9

Walburg Creek

Erosion

maritime forest

intertidal beach

4

9.5

Walburg Creek

Erosion

maritime forest

intertidal beach

5

55.1

Walburg Creek

Erosion

maritime forest

intertidal beach

7

36.4

Walburg Creek

Erosion

maritime forest

intertidal beach

9

74.9

Walburg Creek

Erosion

maritime forest

intertidal beach

11

273.7

Walburg Creek

Erosion

maritime forest

intertidal beach

13

2.2

Walburg Creek

Erosion

maritime forest

intertidal beach

15

86.9

Walburg Creek

Erosion

maritime forest

intertidal beach

17

1,087.4

St. Catherines Sound

Erosion

maritime forest

intertidal beach

18

674.6

St. Catherines Sound

Erosion

maritime forest

intertidal beach

19

5,761.8

St. Catherines Sound

Erosion

maritime forest

intertidal beach

21

7.5

St. Catherines Sound

Erosion

maritime forest

intertidal beach

23

29.3

St. Catherines Sound

Erosion

maritime forest

intertidal beach

29

3,326.7

Yellow Banks Bluff

Erosion

maritime forest

intertidal beach

35

5,344.4

South Beach

Erosion

maritime forest

intertidal beach

37

19,911.0 South Beach

Erosion

maritime forest

intertidal beach

40

21,018.0 South Beach

Erosion

maritime forest

intertidal beach

57,977.8 Maritime Forest Total Area Erosion (m2)
14.3

Total Area Erosion (acres)
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Area

Area

Shoreline

Shoreline

Pre-

Post-Matthew

ID

(m2)

Compartment

Change

Matthew

Habitat

Habitat
25

12,436.3

Northeastern

Erosion

eolian dune

intertidal beach

Erosion

eolian dune

intertidal beach

Terrains
27

4,901.3

Northeastern
Terrains

30

26,372.0

Seaside Spit

Erosion

eolian dune

intertidal beach

31

48,373.3

Middle Beach

Erosion

eolian dune

intertidal beach

33

324.5

Middle Beach

Erosion

eolian dune

intertidal beach

34

76,624.8

McQueen Point/Spit

Erosion

eolian dune

intertidal beach

36

8,409.5

South Beach

Erosion

eolian dune

intertidal beach

38

5,026.9

South Beach

Erosion

eolian dune

intertidal beach

39

5,099.7

South Beach

Erosion

eolian dune

intertidal beach

41

12,731.5

South Beach

Erosion

eolian dune

intertidal beach

43

0.2

South Beach

Erosion

eolian dune

intertidal beach

44

2,143.2

South Beach

Erosion

eolian dune

intertidal beach

46

8,845.5

South Beach

Erosion

eolian dune

intertidal beach

211,288.7 Eolian Total Area Erosion (m2)
52.2

Total Area Erosion (acres)
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The implications of these habitat losses due to Hurricane Matthew, in addition to the
increase in shoreline erosion rates due to sea level rise and anthropogenic induced sediment
disruptions directly affect the threatened or endangered species that rely specifically on St
Catherines eolian dunes or maritime forest for refuge and nesting (Sutter, et al., 2013). The beach
and dune communities provide nesting for many endangered turtles such as the loggerhead
(Caretta caretta), green (Chelonia mydas), leatherback (Dermochelys coriacea), Kemp’s Ridley
sea turtles (Lepidochelys kempii), and diamondback terrapin (Malaclemys terrapin). In addition,
the maritime forest provides habitat for the gopher tortoise (Gopherus polyphemus). Sea turtle
conservation research on nests that were lost as a result of storms has indicated extensive
numbers of nests that have been lost in Georgia due to washouts. On August 26th -27th in 2011
the Category 1 Hurricane Irene moved through Georgia waters at almost 400 km away, with over
100 mph winds, and storm surges of up to 7ft were recorded in North Carolina. This hurricane
washed out a recorded 75 sea turtle nests in Georgia. Another Tropical Storm Beryl passed
through Georgia, where winds were recorded at Ft Pulaski at around 55 mph and associated
storm surges of over 4 ft above mean high tide and resulted in 14 nests being lost in Georgia to
washouts. Sea turtle nest losses should serve as a proxy for the wave energy, storm surge and the
associated erosional forces that are realized on nearshore environments. The dune habitats also
provide nesting habitat for endangered or at risk birds such as the American Oyster Catcher
(Haematopus palliates), and the Least Tern (Sternula antiserum). The maritime forest also
provides refuge for other endangered birds such as the Wood Stork (Mycteria americana) and
the near threatened Painted Buntings (Passerina ciris). The loss of these supratidal dune and
maritime forest habitats also have direct implications on increasing erosional rates along the
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island. These habitats act as a protection against storm surges and allow for plants to maintain
soil stability.

Figure 28: Notable Historic Storm Tracts
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CONCLUSIONS
Conclusions
The goals of the current study were to evaluate the shoreline dynamics and environmental
change of nearshore environments at St. Catherines Island and to document and quantify the
geospatial impacts to the island from Hurricane Matthew. This was accomplished through the
application of an updated shoreline model with attention to shoreline rates over a long term
(1859 -2017) and short term (1999-2017) time period, and habitat alterations created by
Hurricane Matthew.
The updated shoreline model developed in this study included the compartmentalization
of landforms that encompasses the shoreline at a specific location in an effort to minimize the
local variances due to land slope, vegetative cover, etc. Long term shoreline rates indicated that
on average the shoreline has been eroding at 2.16 m/yr, with many compartments exhibiting
higher erosional rates. Shoreline dynamics evaluated over the short term period indicated a 11%
increase on the average mean rates of all compartments, with around 70% of the compartments
increasing in erosional rate, attributed to disruptions in sediment supply relating to the starving
of longshore transport by the damming of rivers to the north, dredging of the Savannah River
ship channel and rising sea level. Specifically, significant increases in erosional rates relative to
compartments were seen in the Seaside Spit (70% increase) and McQueen Spit (28% increase)
compartments, attributed to sediment disruption and increases in washover activity resulting in
the sediment depletions of primary or sentry dunes. The shoreline compartments were then
grouped by landform type to evaluate the influence of landform type on shoreline dynamics and
these results further confirmed the increasing or accelerating erosional nature of the barrier
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island. In addition, a measurement of Net Shoreline Movement was performed along the
shoreline by using pre and post-Hurricane images. The Hurricane Matthew net shoreline
movement data along with the short term shoreline rates were used to generate data that indicates
the years of change in shoreline represented as a result of Hurricane Matthew, revealing that on
average, Hurricane Matthew triggered 3.7 years of average erosion, with some areas showing a
magnitude of change as high as 14.5 years. This data, when examined in concert with the spatial
analysis of the shoreface, revealed that 66. 5 acres of maritime forest and eolian dune habitats
were eroded or lost as supratidal habitat due to Hurricane Matthew.
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APPENDICES
Appendix A: Shoreline Dynamics Results
Appendix A.1: DSAS Results by Shoreline Compartment

Shoreline Compartment
Walburg Creek
St. Catherines Sound
Northeastern Terrains
Yellow Banks Bluff
Seaside Spit
Middle Beach
McQueen Point/Spit
South Beach

Short Term Rates (1999‐2016)
WLR
Min
Max
Mean
‐0.61
0.46
‐0.07
‐3.75
‐0.57
‐2.27
‐6.58
15.35
4.99
‐2.30
‐0.81
‐1.56
‐9.57
‐3.55
‐7.20
‐6.42
‐2.50
‐4.29
‐8.59
1.48
‐2.72
‐2.13
‐3.75
‐5.96
‐9.57
15.35
‐2.40

Long Term Rates ‐ LTR (1859‐2016)
WLR
Min
Max
Mean
Min
Walburg Creek ‐0.68
0.06
‐0.30
‐0.78
St. Catherines Sound ‐2.79
‐0.04
‐1.95
‐3.01
Northeastern Terrains ‐1.12
5.58
2.75
‐1.32
Yellow Banks Bluff ‐2.47
‐1.84
‐2.16
‐2.50
Seaside Spit ‐4.78
‐3.04
‐4.25
‐4.36
Middle Beach ‐6.83
‐3.45
‐4.48
‐6.72
McQueen Point/Spit ‐4.00
1.52
‐2.13
‐4.43
South Beach ‐8.27
‐1.32
‐3.14
‐8.35
Total
‐8.27
5.58
‐2.16
‐8.35
Analysis
Net Shoreline Movement (NSM) Years Change ‐ STR/WLR
Min
Max
Mean
Min
Max
Mean
‐2.24
1.05
‐0.50
‐12.67
4.87
‐2.12
‐10.18
0.90
‐4.88
‐11.49
0.26
‐2.89
‐44.88
24.90
‐1.29
‐4.31
3.35
‐0.67
‐7.75
‐6.35
‐7.05
‐9.57
‐2.76
‐6.16
‐27.29
‐5.62
‐17.58
‐3.65
‐1.19
‐2.42
‐29.94
0.00
‐17.13
‐9.69
0.00
‐4.29
‐63.58
‐5.46
‐23.67
‐14.50
‐1.66
‐7.76
‐24.12
‐0.36
‐12.46
‐7.18
‐0.08
‐3.46
‐63.58
24.90
‐12.08
‐14.50
4.87
‐3.70

LRR
Max
0.48
‐0.58
16.18
‐0.97
‐3.61
‐2.62
1.37
‐2.08
16.18

Min
‐0.60
‐3.79
‐6.73
‐2.36
‐9.40
‐6.44
‐8.88
‐6.14
‐9.40

LRR
Max
‐0.01
0.23
4.61
‐1.98
‐3.00
‐3.27
2.15
‐1.19
4.61

Mean
‐0.06
‐2.16
5.13
‐1.67
‐7.15
‐4.32
‐2.87
‐3.82
‐2.43

Mean
‐0.35
‐2.07
2.41
‐2.24
‐3.98
‐4.25
‐2.03
‐3.11
‐2.15

Years Change ‐ STR/LRR
Min
Max
Mean
‐14.25
4.67
‐2.70
‐11.29
1.75
‐2.48
‐4.59
3.13
‐0.80
‐7.99
‐2.69
‐5.34
‐3.59
‐1.16
‐2.43
‐9.75
0.00
‐4.27
‐14.33
‐1.54
‐7.41
‐7.07
‐0.08
‐3.42
‐14.33
4.67
‐3.66

Shoreline Compartment
Walburg Creek
St. Catherines Sound
Northeastern Terrains
Yellow Banks Bluff
Seaside Spit
Middle Beach
McQueen Point/Spit
South Beach
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Appendix A.2: DSAS Results by Landform Type

Long Term Rates ‐ LTR (1859‐2016)
WLR
Min
Max
Mean
Min
Accretional Terrain ‐1.12
5.58
2.75
‐1.32
Island Core ‐2.47
‐1.84
‐2.16
‐2.50
Ridge/Swale ‐3.50
‐0.04
‐1.80
‐3.67
Spit/Berm ‐8.27
1.52
‐4.08
‐8.35
Short Term Rates ‐ STR (1999‐2016)
WLR
Min
Max
Mean
Accretional Terrain ‐6.58
15.35
4.99
Island Core ‐2.30
‐0.81
‐1.56
Ridge/Swale ‐4.32
‐0.09
‐2.84
Spit/Berm ‐9.57
‐1.17
‐4.64

Years Change ‐ STR/WLR
Min
Max
Mean
‐4.31
3.35
‐0.67
‐9.57
‐2.76
‐6.16
‐12.67
2.00
‐3.55
‐14.50
0.00
‐4.58

Analysis
Years Change ‐ STR/LRR
Min
Max
Mean
‐4.59
3.13
‐0.80
‐7.99
‐2.69
‐5.34
‐14.25
2.17
‐3.58
‐12.21
0.00
‐4.43

Min
‐6.73
‐2.36
‐4.36
‐9.40

LRR
Max
4.61
‐1.98
0.23
2.15

Mean
2.41
‐2.24
‐1.78
‐3.95

LRR
Max
16.18
‐0.97
‐0.08
‐1.39

Mean
5.13
‐1.67
‐2.89
‐4.70

NSM ‐ meters
Min
Max
Mean
‐44.88
24.90
‐1.29
‐7.75
‐6.35
‐7.05
‐22.82
1.05
‐9.01
‐63.58
0.00
‐18.35
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Appendix B: Drive Core Log Forms
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